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Superconducting transition temperature (Tc) as a function of oxygen concentration for
hexagonal rubidium tungsten bronzes RbxWOy with 2.80 ≤ y ≤ 3.07 and x = 0.19, 0.23, and
0.27 has been systematically investigated. Three regions corresponding to Tc < 2 K (de-
noted as superconductivity suppressed region), Tc ∼ 3 K (superconductivity uniform region)
and Tc > 3 K (superconductivity enhanced region) were identified in Tc–y phase diagram
for Rb0.19WOy and Rb0.23WOy. No superconductivity enhanced region was observed for
Rb0.27WOy. The superconductivity suppressed region shifts toward higher oxygen content
as rubidium concentration increases. The local ordering of the intercalated rubidium atoms
might be responsible for the intriguing Tc–y phase diagram of RbxWOy.
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1. INTRODUCTION
The alkali tungsten bronzes were among the
first oxides discovered to be superconducting [1].
The compounds, commonly referred as the tungsten
bronzes, take a nonstoichiometric form of MxWO3
where M represents a metal atom and x ranges
from near 0–1. These materials crystallize in various
phases, namely tetragonal tungsten bronze (TTB),
hexagonal tungsten bronze (HTB), and intergrowth
tungsten bronze (ITB), depending on the size and va-
lence of the metal ion M as well as its concentration
x [2]. The corner-sharing WO6 octahedra in these
phases form 4-, 5-, and 6-membered rings, giving
rise to tetragonal, pentagonal and hexagonal tunnels
along the c-direction correspondingly. The radius of
the tunnels is about 2.0 A˚, which opens a channel
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to intercalate a wide variety of metallic ions with
a comparable size. For example, the TTB phase of
Na0.3WO3 and Pb0.33WO3 are found to have tetrag-
onal and pentagonal tunnels, respectively [3]. The
hexagonal tunnels are in the HTB phase of RbxWO3
with 0.19 ≤ x ≤ 0.33 [4]. The ITB phase of SnxWO3
consists of single or double row of hexagonal tunnels
intergrown between slabs of WO3-like materials for
x = 0.04 and 0.18, respectively [5].
This conclusion has been drawn on investigating
the electronic and superconducting properties of the
TTB NaXWO3 [6,7], which has an insulating parent
compound of WO3. NMR studies have shown that
the electronic states in metallic NaXWO3 are similar
to those in ReO3 [8,9]. The sodium atoms only give
out their s electrons to the conduction band whose
bottom is built of W-5d(t2g) orbitals hybridized with
that of the O-2p [10]. It was argued that the in-
crease of superconducting transition temperature in
NaXWO3 with decreasing sodium content is likely
due to the poor screening of the electron-phonon in-
teraction in the low sodium regime. However, it was
pointed out by Brusetti et al. [11] that the screen-
ing mechanism is probably not very effective in the
HTB phase of RbxWO3, since the variation of Tc with
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rubidium concentration x in the range of 0.23 ≤ x
≤ 0.28 does not follow the commonly observed trend
of increasing Tc with decreasing x [4]. Instead, it was
suggested that the rubidium-ordering-induced struc-
tural instability of the lattice might be responsible for
the anomalous Tc(x) dependence [12–15].
In this paper, an alternative approach, by vary-
ing oxygen concentration in RbxWOy, was taken to
address the unsettled issue. We report the oxygen
concentration dependence of the Tc for RbxWOy
with x = 0.19, 0.23, 0.27 and 2.80 ≤ y ≤ 3.07. The key
finding of this work is that the anomalous Tc(x) de-
pendence for RbxWO3 with 0.23 ≤ x ≤ 0.28 reported
earlier is likely associated with a small deviation
of the oxygen concentration from 3.00. In addition,
another interesting finding is that there is no cor-
relation between superconductivity and oxygen-
concentration-dependent metal–nonmetal transition
observed in RbxWOy with y ∼ 3.00.
2. EXPERIMENTAL
Samples investigated were prepared by the
solid-state reaction method. The proper stoichiomet-
ric amounts of high purity powders of Rb2WO4,
WO3, and W were thoroughly mixed and ground,
then pressed into pellets. Subsequently, the pellets
were sealed in quartz tubes in vacuum with pres-
sure of 10−2 Torr. Samples were fired at 650◦C for
5 h followed by heating at 850◦C for 15 h. The X-ray
measurements were carried out using Cukα radia-
tion from Rigaku 12 kW RU200 X-ray generator.
The resistivity measurements were made by a stan-
dard four-probe method. The magnetic properties
of the samples were performed by Quantum Design
SQUID magnetometer and PPMS.
3. RESULTS AND DISCUSSIONS
The X-ray diffraction (XRD) patterns of
RbxWOy with 2θ ranging from 20◦ to 60◦ for 2.80 ≤
y ≤ 3.07 and x = 0.19, 0.23, and 0.27 are shown in
Figs. 1–3. It should be mentioned that the rubidium
concentration x = 0.23 and 0.27 were strategically
chosen to be fallen in the region of 0.23 ≤ x ≤ 0.28
with the unusual Tc(x) dependence [4]. The XRD
patterns clearly reveal that the predominant phase
in the samples is hexagonal RbxWOy with space
group P63/mcm reported by Magneli [17]. As shown





















Fig. 1. X-ray diffraction patterns of Rb0.19WOy with 2θ ranging
from 20◦ to 60◦ for 2.850 ≤ x ≤ 3.016. The impurity phases are
marked by the arrows.
samples throughout the entire range of the oxygen
concentration investigated. The amount of impurity
phase decreases with increasing oxygen concentra-
tion for all samples studied. The impurity free sam-
ples were synthesized in Rb0.23WOy for y ≥ 2.97 and
in Rb0.27WOy for y ≥ 3.00 as illustrated in Figs. 2


















Fig. 2. X-ray diffraction patterns of Rb0.23WOy with 2θ ranging
from 20◦ to 60◦ for 2.800 ≤ x ≤ 3.070. The impurity phases are
marked by the arrows.


















Fig. 3. X-ray diffraction patterns of Rb0.27WOy with 2θ ranging
from 20◦ to 60◦ for 2.800 ≤ x ≤ 3.070. The impurity phases are
marked by the arrows.
peaks broaden significantly as the oxygen concentra-
tion reaches 3.07, indicative of a poorly crystalline
phase present.
The representative zero-field-cooled (ZFC)
magnetic susceptibility curves for Rb0.23WOy with
y = 2.82, 2.85, 3.03, and 3.04 in a field of 10 G are dis-
played in Fig. 4(a). It should be noted that oxygen de-
ficient samples with y < 3.00 have a lowerTc around
3 K and a sharper superconducting transition width,
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Fig. 4. (a) The ZFC magnetic susceptibility curves for Rb0.23WOy
with y = 2.82, 2.85, 3.03 and 3.04 in a field of 10 G. (b) Normalized
resistivity as a function of temperature for for Rb0.23WOy with y =
2.82, 2.85, 3.03 and 3.04.
whereas oxygen excess samples with y > 3.00 have
a higher Tc around 5 K and a wider superconduct-
ing width. In addition, the measured dimensionless
magnetic susceptibility χ around 2 K of both the oxy-
gen excess samples and the oxygen deficient samples
is about 0.02, which is approximately one quarter of
1/4π, indicating that bulk superconductivity present
in the Rb0.23WOy with y = 2.82, 2.85, 3.03, and 3.04.
The temperature dependence of the normalized re-
sistivity for the sample mentioned above is displayed
in Fig. 4(b). The superconducting transition temper-
ature and the transition width obtained from resistiv-
ity measurements are remarkably in good agreement
with those determined from magnetic measurements.
The temperature dependence of the resistiv-
ity for Rb0.19WOy with y = 3.00 and 3.02, and for
Rb0.23WOy with y = 2.85 and 3.04 is illustrated in
Fig. 5(a) and (b), respectively. As shown in the fig-
ure, normal-state resistivity of the samples with oxy-
gen concentration y > 3.00 is about three orders of
magnitude larger than that of those with oxygen con-
centration y ≤ 3.00, regardless of the value of rubid-
ium concentration x. In contrast to that, Tc of the
samples is not as sensitive to the oxygen concen-
tration y as the normal-state resistivity of the sam-
ples is. Furthermore, it is interesting to note that
the metallic behavior observed in the normal-state
of Rb0.19WO3.00 and Rb0.23WO2.85 is a common be-
havior for RbxWOy samples with lower oxygen con-
tents (y ≤ 3.00), while the semiconducting-like fea-
ture observed in the normal-state of Rb0.19WO3.02
and Rb0.23WO3.04 is a general trend for RbxWOy
samples with higher oxygen concentrations (y >
3.00). The observed results indicate that the normal-
state transport properties are not intimately related
with superconductivity in RbxWOy.
Figure 6 shows superconducting transition tem-
perature as a function of oxygen concentration for
RbxWOy with x = 0.19, 0.23, and 0.27, and2.80 ≤
x ≤ 3.07. Three regions corresponding to Tc < 2 K
(superconductivity suppressed region), Tc ∼ 3 K (su-
perconductivity uniform region) and Tc > 3 K (su-
perconductivity enhanced region) were identified in
Tc–y phase diagram for Rb0.19WOy and Rb0.23WOy.
No superconductivity enhanced region was observed
for Rb0.27WOy. For Rb0.19WOy and Rb0.23WOy sam-
ples, Tc is around 3 K in the low oxygen concen-
tration regime and is then suppressed below 2 K as
oxygen concentration y increases. When the oxy-
gen concentration y increases further, Tc goes above
3 K and even reaches up to 5 K. The superconduc-
tivity suppressed region is in 2.85 < y < 2.95 for
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(a)
Fig. 5. (a) Resistivity as a function of temperature for Rb0.19WOy
with y = 3.00 and 3.02. (b) Resistivity as a function of temperature
for Rb0.23WOy with y = 2.85 and 3.04.
Rb0.19WOy and 2.95 ≤ y ≤ 3.00 for Rb0.23WOy, re-
spectively. The reentrance and enhancement of Tc
at y ∼ 2.95 and 3.00 for Rb0.19WOy and Rb0.23WOy,
respectively, as well as the suppression of Tc at y ∼
3.00 for Rb0.27WOy, strongly suggest that there is no
correlation between superconductivity and oxygen-
concentration-dependent metal–nonmetal transition
observed in RbxWOy with y ∼ 3.00 [16]. In addition,
it can be deduced from Fig. 6 that the anomalous
Tc(x) dependence for RbxWO3 with 0.23 ≤ x ≤ 0.28

























Fig. 6. Oxygen concentration dependence of the Tc for RbxWOy
with x = 0.19, 0.23, and 0.27, and 2.80 ≤ y ≤ 3.07. The × marked
at 2 K means that superconductivity was not observed down to 2 K.
reported earlier is likely associated with a small devi-
ation of the oxygen concentration from 3.00.
Finally, let us offer possible scenarios account
for the Tc(y) dependence as well as the supercon-
ducting properties of RbxWOy. The lower supercon-
ducting transition temperature accompanied by the
sharper superconducting transition width is consis-
tently observed in RbxWOy with lower oxygen con-
centrations regardless of the value of the rubidium
concentration x, suggesting that superconductivity
observed in these compounds might have two differ-
ent origins. The electron-phonon interaction weak-
ened by the screening effect of the carriers is cer-
tainly not able to explain the observed phenomenon.
The ordering of the rubidium atoms induced by the
oxygen vacancy site in the WO6 matrix may play
an important role in the superconductivity present
in the low oxygen concentration regime. While in
the excess oxygen concentration regime, we specu-
late that the ordering of the rubidium atoms would be
greatly influenced by the oxygen atoms sliding into
the tunnels. This in turn would induce a local struc-
ture distortion and give rise to distinct superconduct-
ing properties. X-ray absorption and photoemission
studies are undergoing to probe the possible local
structure distortion and associated electronic excita-
tion in RbxWOy.
4. CONCLUSION
In summary, we report the effect of oxy-
gen concentration on superconducting properties of
rubidium tungsten bronzes RbxWOy with x = 0.19,
0.23, and 0.27 and 2.80 ≤ y ≤ 3.07. Three regions
corresponding to Tc < 2 K (superconductivity sup-
pressed region), Tc ∼ 3 K (superconductivity uniform
region) and Tc > 3 K (superconductivity enhanced
region) were identified in Tc–y phase diagram for
Rb0.19WOy and Rb0.23WOy. No superconductivity
enhanced region was observed for Rb0.27WOy. The
local ordering of the intercalated rubidium atoms
might be responsible for the intriguing Tc–y phase di-
agram of RbxWOy.
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